The neurogenetic bases of sleep, a phenomenon considered crucial for well-being of organisms has 3 2 recently been under investigation using the model organism Drosophila melanogaster. Although
7
To examine whether orbital motion-induced sleep can be modulated by homeostatic pathways 1 7 0
we divided flies into three groups, the first group was subjected to orbital motion for 12 h during 1 7 1 daytime (ZT00-ZT12, OMD), the second group only during the first half of daytime (ZT00-ZT06, 1 7 2
Orbital Motion during Half Day, OMHD) and the third group served as control. During the first half 1 7 3 of the day there was a statistically significant increase in sleep in both groups exposed to orbital 1 7 4 motion (OMD and OMHD; p<0.0005; Figure 3g ,h) as compared to controls. However, during the 1 7 5 second half of the day, OMHD group of flies slept significantly lesser than OMD and even lower as 1 7 6 compared to controls (p<0.0005; Figure 3g , h). This is suggestive of a 'negative sleep rebound' 1 7 7
during the second half of the day, possibly due to accelerated decline in sleep drive that is believed to 1 7 8 occur via homeostatic processes (Hendricks et al., 2000; Shaw et al., 2000) . Taken together, we 1 7 9
demonstrate that most of the signature features of sleep are conserved in flies exposed to OMD 1 8 0
suggesting that OMD-mediated quiescence is in fact "true" sleep.
8 1
Orbital motion induced sleep is independent of circadian clock genes period and Clock-: Circadian 1 8 2 clocks are known to influence the timing of sleep (Borbely, 1982; Borbely et al., 2016) . Moreover, 1 8 3
we saw that the behaviour of OMD induced sleep persists even under constant darkness during 1 8 4 subjective day (Figure 3c ), so we asked if the circadian clock is required for this sleep-induction. We 1 8 5 subjected flies carrying loss-of-function mutation for the period (per 0 ) and clock (Clk Jrk ) genes to 1 8 6 OMD, and found that flies exposed to orbital motion showed a statistically significant increase in 1 8 7 daytime sleep (p<0.001 for per 0 and p<0.0005 for clk jrk ; Figure 4b ) as compared to controls, while 1 8 8 their activity counts per waking min did not differ. This suggests that core circadian clock genes 1 8 9
period and Clock are not necessary for OMD-induced sleep.
9 0
Mechanosensory signals via Nanchung expressing neurons mediate orbital motion aided sleep 1 9 1 induction independent of other sensory modalities such as vision and olfaction: The 1 9 2 mechanosensory system helps organisms to integrate mechanical information to guide their locomotor 1 9 3 activity (Tuthill and Wilson, 2016) and locomotion is inhibited during sleep. To examine how orbital 1 9 4 motion may transduce signals to the sleep circuit, we examined various mechanosensory signaling 1 9 5 pathways. Fruit flies D. melanogaster have the ability to sense and respond to touch via specialized 1 9 6 mechanosensory centers, the chordotonal organs (Kim et al., 2003) , which have been also shown to 1 9 7 8 relay temperature and vibration signals to circadian clocks via yet unknown mechanisms (Sehadova et 1 9 8 al., 2009; Simoni et al., 2014) . Additionally, mechanosensory neurons present on the legs help flies to 1 9 9 avoid aversive conditions by inducing walking behaviour (Ramdya et al., 2014) . The chordotonal 2 0 0 organs express mechanoreceptor Nanchung (Nan), which on the basis of sequence similarity is 2 0 1 predicted to be an ion channel subunit, similar to vanilloid-receptor-related (TRPV) channels and is 2 0 2 activated by forces ranging from osmotic to mechanical pressures (Kung, 2005) . These channels also 2 0 3 respond to changes in gravity, sound and humidity levels (Kamikouchi, 2009 ).
0 4
We found that flies carrying loss-of-function mutation in the nan gene ( there was no significant change in sleep when flies were subjected to OMD (p = 0.88; data not 2 1 9
shown).
0
Since mechanosensory cues are also perceived by auditory and tactile systems we examined mutant 2 2 1 flies for the gene nompc2, an ion channel essential for mechanosensory transduction, known to have 2 2 2 defects in the receptors of tactile bristles (Walker et al., 2000) and found nompc2 flies exposed to 2 2 3
OMD slept significantly more than controls (p<0.0001; Figure 6a ), which suggests that 2 2 4 mechanosensory cues emanating from auditory and tactile organs are not involved in orbital motion 2 2 5 9 mediated sleep-induction, and that mechanosensory signals from parts of the chordotonal organs other 2 2 6 than those responsible for auditory signals are likely to be involved in this sleep phenotype. Because 2 2 7 mechanosensory cells are also present in the antennae, we examined the role of mechanosensory cues 2 2 8 received by the antennae by surgically removing both the antennae of CS flies (CS ant -). We found 2 2 9
that antennae-less flies also exhibit sleep induction due to OMD (p<0.005 for controls and p<0.05 for 2 3 0 CS ant - Figure 6b ), which suggests that mechanosensory signals from the antennae are not necessary and Swett, 1962) . A more recent study on human subjects showed that acoustic inputs by way of 2 3 7 brief auditory tones (0.5 -4 Hz) induced slow wave activity with features very similar to natural sleep 2 3 8 (Tononi et al., 2010) . To test for such effects we blocked olfactory and visual inputs to flies while 2 3 9 they were subjected to OMD. We tested null mutants of Orco (Or83b o ), which are defective in their 2 4 0 olfactory ability for most odors (Larsson et al., 2004) and found that mutant flies subjected to OMD 2 4 1
show increased (p<0.0001; Figure 6c ) daytime sleep as compared to controls. Further, when we 2 4 2 silenced the Or83b-expressing olfactory neurons by expressing potassium channels (UASkir2.1), flies 2 4 3 exposed to OMD showed increased sleep (p<0.0001; Figure 6c -e) as compared to controls, which 2 4 4
suggests that olfactory signals do not play any role in mechanically stimulated sleep induction.
4 5
To examine the role of vision, we subjected CS flies to LD cycles for three days and then 2 4 6 transferred them to DD along with orbital motion for the first 12 hours under darkness and estimated 2 4 7 sleep levels during subjective day. We found a statistically significant increase (p<0.05; Figure 6f cues are not needed for sleep induction. We also found that norpA mutants, known to have defective 
6 2
We expressed temperature gated cation channel dTRPA1 under the nanGAL4 driver and found that at Since it is likely that the activation of Nan-neurons using dTRPA1 could cause them to fire at 2 7 2 very high rates that could lead to paralysis which we would not be able to distinguish from sleep we finding that activation of Nan-neurons does not cause a paralytic effect in either males or females and 2 8 0 its effect is more likely to occur via its action on sleep circuits.
8 1
We fed nanGAL4/dTRPA1 flies with caffeine which is known to prevent sleep and cause 2 8 2 arousal while simultaneously activating the neurons by raising the temperature to 28 o C. Caffeinated NC and p<0.05 for c929GAL4) than controls (c929/dORK∆-NC and c929GAL4). Further, we 2 9 4
transiently activated l-LN v s using dTRPA1 in adults and found that at 28 o C, c929/dTRPA1 flies 2 9 5
showed significantly lower sleep (p<0.001, p<0.05 in comparison to c929/+ and dTRPA1/+; Figure   2 9 6 8d-f) as compared to parental controls. However, at sub-activation-threshold temperature of 21 o C all 2 9 7 three (c929/dTRPA1, c929/+ and dTRPA1/+) genotypes showed a statistically significant increase in 2 9 8 sleep when exposed to OMD, and there was no difference in sleep between the experimental and 2 9 9 control flies (p > 0.91; Figure 8f ). Thus, arousal signals due to electrical excitation of l-LNvs can Drosophila sleep circuit. Neuron, 60(4) , 672-682. 
7 9
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